The photodegradation and energy transfer of poly methyl methacrylate (PMMA) films 
Introduction
Infrared emitting laser dyes have been utilized in photonic devices for telecommunications due to their emission in the first transmission window of optical communications, 820 -850 nm, where the absorption losses of telecommunication fibers due to iron and water impurities are minimal.
1
Recently an infrared emitting plastic waveguide was realized for the ionic infrared laser dye, Kobayashi and coworkers. 2 When irradiated with 532 nm laser light (165 µJ cm -2 pulse -1 , 10 Hz) an emission centered at 820 nm resulted in operational lifetimes of several thousand pulses and significant optical gain for planar waveguides composed of LDS821 dispersed in poly(1-vinyl-2-pyrrolidone). The infrared emission intensity decreased over time due to LDS821 photodegradation.
2-[[3-[2-[4-(dimethylamino)phenyl]ethenyl]-5,5-dimethyl-2-cyclohexen-1-ylidene]methyl]-3-methylbenzothiazolium perchlorate (LDS821) by
Organic light emitting diodes (OLEDs) consisting of LDS821 dispersed in poly(Nvinylcarbazole) exhibited an increase in electroluminescence with operation time under a constant bias. 3, 4 This was attributed to enhanced electron and hole injection caused by the alignment of the doped ionic dye molecules along the bias field. This was confirmed by noting a reduction of electroluminescence with time when a reverse bias was applied.
This temporal decrease of electroluminescence may partially be attributed to LDS821
photodegradation.
The photosensitized LDS821 infrared emission has been accomplished by cascade energy transfer from other organic dyes. 5 In this system 2-(4-biphenylyl)-5-(4-tbutylphenyl)-1, 3,4-oxadiazole (PBD) absorbs a 337 nm photon and nonradiatively transfers energy to Coumarin 490 (C490) and DCMII laser dyes, which subsequently transfers energy to LDS821. The resulting LDS821 infrared emission is much greater than LDS821/PBD films devoid of C490 and and DCMII, since superior overlap is noted for the photoluminescence profiles of these dyes and LDS821 relative to PBD. This system effectively enhances LDS821 emission.
( Orange has superior photostability. 6 This LDS821/Perylene Orange/PMMA film serves as a NIR emitting waveguide utilizing 532 nm irradiation. This energy transfer photosensitization strategy for fabricating NIR emitting polymer/dye blends has been previously employed for organolanthanide emitters dispersed in polymers for 1.55 µm emission. 7 Figure 2 shows significant overlap between the emission spectrum of Perylene Orange in PMMA and the absorption spectrum of LDS821 in PMMA, a necessary requirement for Förster energy transfer.
( Fig. 2 ).
Experimental
Laser dyes LDS821 This fluorescence was imaged onto a monochromator equipped with either a photomultiplier tube or germanium photodiode for fluorescence less than or greater than 800 nm respectively. The detector output was integrated and averaged via a digital oscilloscope or a boxcar integrator. For samples under vacuum or in an O 2 atmosphere, a special o-ring joint cell was utilized as described in a previous report. 
Results and discussion

A. Photodegradation
The oxygen dependence of LDS821/PMMA photodegradation is illustrated in Figure 3 .
A four-fold increase in the photodegradation half-life is observed for LDS821/PMMA films under vacuum relative to those in a 245 Torr oxygen atmosphere. The small partial recovery of fluorescence for the vacuum samples subsequently exposed to atmosphere
("vented") shows a small contribution of LDS821 reversible photoreduction to photodegradation similar to that previously observed for Perylene diimide dyes, although photooxidation seems to predominate.
The photodegradation of mixed dye films was carried out by irradiating LDS821/Perylene Orange/PMMA films at 532 nm and monitoring the fluorescence at whereas fluorescence at 750 nm was attributed to LDS821. Figure 4a shows the oxygen dependence of photodegradation of these films.
( Orange absorption or fluorescence spectrum was observed upon addition of LDS821, which suggests no complex formation between LDS821 and Perylene Orange. From these spectra the transfer efficiency (η) and transfer probability (P DA ) are tabulated in Table 1 . These are calculated according to the formulae below where I D is the fluorescence intensity of the donor (Perylene Orange) for donor-accepter PMMA films;
I OD is the fluorescence intensity of the donor for PMMA films containing only the donor; τ OD is the fluorescence lifetime of the donor; and [A] is the concentration of the acceptor (LDS821). 9, 10 As expected the transfer efficiency and transfer probability increase with increasing LDS821 concentration. The entries in Table 1 designates the normalized fluorescence for vacuum samples exposed to ambient atmosphere for 2 and 4 minutes following irradiation under vacuum. --------designates 50% fluorescence decrease. and under vacuum , . The circles and squares denote fluorescence observed at 580 and 750 nm respectively. The "exposed" points designate fluorescence collected for vacuum samples exposed to the atmosphere for 5 and 10 minutes. 
